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HIGH FREQUENCY POWER SUPPLY
DEVICE AND HIGH FREQUENCY POWER
SUPPLY METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-

cation No. 2019-061350, filed on Mar. 27, 2019, the entire
contents of which are imcorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a high frequency power
supply device and a high frequency power supply method.

BACKGROUND

In a semiconductor device manufacturing process, for
example, a plasma processing apparatus for performing film
formation or etching on a substrate using plasma has been
proposed. The plasma processing apparatus includes, e.g., a
high frequency power supply device for supplying a high
frequency power amplified by an amplifier to a plasma
clectrode. A processing gas 1s supplied into, e.g., a process-
ing chamber and the high frequency power 1s supplied to the
plasma electrode to generate a high frequency electric field
in the processing chamber. Then, the plasma of the process-
ing gas 1s generated and plasma treatment 1s performed on
the substrate using the generated plasma.

For example, Japanese Patent Application Publication No.
2018-143368 discloses a high frequency power supply
device including a plurality of vacuum tubes connected 1n
parallel. The high frequency power supply device includes a
voltage calculation unit for calculating a voltage change rate
of each vacuum tube with respect to an average value of
cathode voltages of the parallel-connected vacuum tubes and
a current calculation unit for calculating a current change
rate of each vacuum tube with respect to an average value of
currents of the parallel-connected vacuum tubes. Then, 1t 1s
determined whether or not each vacuum tube has reached
the end of 1ts lifespan by comparing the voltage change rate
of each vacuum tube with a voltage lifespan setting value
and comparing the current change rate of each vacuum tube
with a current lifespan setting value.

The present disclosure provides a technique for detecting,
deterioration of an amplifier or abnormality (defect) of a
detector 1 supplying a high frequency power.

SUMMARY

In accordance with an aspect of the present disclosure,
there 1s provided a high frequency power supply device
including: an amplifier configured to amplify a high fre-
quency supplied from an oscillator and supply a high
frequency power therefrom to a load; a parameter detector
configured to detect a parameter of a current, a voltage, or
a power supplied from the amplifier to the load; a current
supply unit configured to supply a driving current for driving
the amplifier; and a command signal output unit configured
to output a command signal for changing an amplification
degree of the amplifier based on the detected parameter such
that the parameter becomes a target value. The high 1fre-
quency power supply device further includes a first abnor-
mality detector configured to detect an abnormality by
monitoring the command signal, and/or the high frequency
power supply device further includes a current detector
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configured to detect the driving current, a current data
storage unit configured to store an upper limit value and a
lower limit value of the driving current, and a second
abnormality detector configured to detect the abnormality
based on at least one of the upper limit value or the lower
limit value of the driving current.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present disclosure will
become apparent from the following description of embodi-
ments, given in conjunction with the accompanying draw-
ings, in which:

FIG. 1 1s a block diagram showing a high frequency
power supply device according to an embodiment of the
present disclosure;

FIG. 2 15 a block diagram showing a controller of the high
frequency power supply device;

FIG. 3 1s a graph showing an upper limit value and a lower
limit value of an adjusting amount corresponding to a target
power value;

FIG. 4 1s a graph showing an upper limit value and a lower
limit value of a current value corresponding to a target
power value;

FIG. 5 1s a cross-sectional view of a plasma processing
apparatus 1including the high frequency power supply
device;

FIG. 6 shows a configuration of a high frequency power
supply device according to another embodiment of the
present disclosure; and

FIG. 7 1s a graph showing an upper limit value and a lower

limit value of a temperature corresponding to a target power
value.

DETAILED DESCRIPTION

Herematter, a high frequency power supply device
according to an embodiment of the present disclosure will be
described. As shown 1n FIG. 1, a high frequency power
supply device 1 1s configured to amplify a high frequency
power using an amplifier 2 and to supply the amplified high
frequency power to a load 4. The amplifier 2 serving as a
rear-stage amplifier 1s formed by combining a plurality of
transistors. A reference numeral ‘22° 1n FIG. 1 denotes a
current supply unit for supplying a DC current as a driving
current to the amplifier 2. In this example, the high fre-
quency power supply device 1 measures a high frequency
power inputted to the load 4, and the high frequency power
supply device 1 increases or decreases an amplification
factor of the amplifier 2 based on the measured high fre-
quency power to adjust the high frequency power to a set
target value.

As shown 1n FIG. 1, the high frequency power supply
device 1 includes a power detector 6 for measuring a high
frequency power. The power detector 6 1s an example of a
parameter detector. The power detector 6 measures a voltage
at a high frequency and calculates a measured power value
based on an amplitude of the voltage, for example.

Further, the high frequency power supply device 1
includes a controller (control device) 5 that 1s a command
signal output unit. As will be described in detail later, the
controller 5 outputs a digital signal that 1s a command signal
for changing an amplification degree of a high frequency
signal 1n an amplifying device 3 based on a difference
between a target power value set by a host device 100 and
a power value measured by the power detector 6.
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The high frequency power supply device 1 further
includes a high frequency oscillator 20 and the amplifying
device 3 for increasing and decreasing a high frequency
output supplied from the high frequency oscillator 20 to the
amplifier 2. The amplifying device 3 serving as a front-stage
amplifier includes a D/ A converter 31, an amplifier circuit 32
including transistors and the like. In the amplifying device
3, a command value (command si1gnal) that 1s a digital signal
1s converted to an analog voltage by the D/A converter 31.
The amplifier circuit 32 amplifies a high frequency signal
with an amplification degree corresponding to the analog
voltage.

In the high frequency power supply device 1, the amplifier
2 may gradually deteriorate during the supply of the high
frequency power and eventually malfunction. Convention-
ally, for example, a measured power value 1s monitored and
an alarm 1s 1ssued or the operation of the device 1s stopped
when the measured power value becomes smaller than a
threshold. However, the conventional control 1s performed
based on whether or not the high frequency power supplied
to the load 4 has decreased during the operation of the
device. Therefore, the power supplied to the load 4 may
become msuilicient, which leads to the processing failure on
the load 4 side. If the load 4 1s a component of an apparatus
for processing a semiconductor waler W, as will be
described later, the processing of the semiconductor wafer
W becomes poor and the vield decreases. Further, it a
component for replacement or a replacement work 1s pre-
pared at the time when the amplifier 2 cannot be used due to
malfunction, a long period of time 1s required to recover the
high frequency power supply device 1 and the processing of
the semiconductor water W 1s delayed during that period.

Therefore, 1n the high frequency power supply device 1
according to an embodiment of the present disclosure, the
controller 5 monitors an adjusting amount to be described
later and a current value of the driving current supplied from
the current supply unit 22 to the amplifier 2 so that the
deterioration of the amplifier 2 can be detected before the
power outputted from the amplifier 2 decreases significantly.

FIG. 2 1s a block diagram showing the controller 5. The
controller 5 includes a CPU 91, a power controller 93A, an
adjusting amount abnormality detector 93B serving as a first
abnormality detector, and a current abnormality detector
93C serving as a second abnormality detector. A reference
numeral ‘90’ 1n FIG. 2 denotes a bus. The controller 5 turther
includes a memory 92 including a command value storage
unit 92A, an adjusting amount data storage unit 92B, and a
current data storage unit 92C. An alarm unit 94 1s connected
to the controller 5. A target power value 1s imputted from the
host device 100 to the controller 5, and a measured power
value 1s mputted from the power detector 6 to the controller
5. In addition, a current value 1s inputted from a current
detector 21, provided to detect a current value of a DC
current for driving the amplifier 2 shown 1n FIG. 1, to the
controller 5.

The power controller 93A outputs, as the adjusting
amount, the digital signal based on the difference between
the target power value inputted from the host device 100 and
the measured power value 1mputted from the power detector
6 as described above. The dlgltal signal 1s outputted such
that the amplification factor in the amplifying device 3
increases (the adjusting amount increases) as the diflerence
increases. As described above, the digital signal 1s outputted
from the controller 5 and the amplification factor 1s changed
by the change 1n the digital signal. However, for the sake of
convenience in description, i graphs to be described later,
it 1s assumed that the change in the digital signal 1s the
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change 1n the parameter of the analog signal value, and the
parameter of the analog signal value will be described as the
adjusting amount.

The adjusting amount abnormality detector 93B of the
present embodiment determines abnormality of the amplifier
2 based on the adjusting amount and an upper limait threshold
and a lower limit threshold of the adjusting amount stored 1n
the adjusting amount data storage unit 92B. FIG. 3 1s a graph
schematically showing a relational expression stored 1n the
adjusting amount data storage unit 92B. A hatched region 1n
FIG. 3 indicates values between a first upper limit threshold
and a first lower limit threshold of the adjusting amount and
dotted regions outside the hatched region indicate values
between a second upper limit threshold and a second lower
limit threshold of the adjusting amount.

A first lower limit threshold S1_ . of the adjusting amount
1s set based on a lower limit value of an adjusting amount
that 1s obtained by, for example, controlling a high frequency
power with the power controller 93A when the high fre-
quency power 1s outputted using a newly provided amplifier
2 while setting a target power value to a value of ‘P A
second lower limit threshold S2_ . of the adjusting amount,

FrLFE

which 1s smaller than the first lower limit threshold S1_ . | 1s
set based on a value of the adjusting amount at which 1t can
be determined with certainty that the high frequency power
supply device 1s malfunctioning.

A first upper limit threshold 81, of the adjusting amount
1s set based on an upper limit value of an adjusting amount
that 1s obtained by, for example, controlling a high frequency
power with the power controller 93A when a target power
value 1s set to the value of ‘P’ and the high frequency power
1s outputted using an amplifier 2 that 1s able to output a
suflicient high frequency voltage but has deteriorated
through use. A second upper limit threshold S2_ _ of the
adjusting amount, which 1s greater than the first upper limait
threshold S1_ . 1s set based on a value of the adjusting
amount at which it can be determined that the amplifier 2 1s
malfunctioning.

In the high frequency power supply device 1, when the
target power value P increases, the amplification degree
needs to be increased and, thus, the adjusting amount also
increases. Therelore, the upper limit threshold and the lower
limit threshold of the adjusting amount are set to become
greater as the target power value P mputted from the host
device 100 becomes greater.

The adjusting amount abnormality detector 93B detects
whether or not the abnormality has occurred by comparing
the adjusting amount outputted from the amplifier circuit 32
with the first upper limit threshold S1_ | the first lower limat
threshold S1_ . . the second upper limit threshold 82 and
the second lower limit threshold S2_ . of the adjusting
amount set based on the target power value P.

When the adjusting amount 1s greater than the first upper
limit threshold S1___ or smaller than the first lower limait
threshold S1_ . . the alarm unit 94 1ssues an alarm to notify
the deterioration of the amplifier 2. When the adjusting
amount 1s greater than the second upper limit threshold
S2 _orsmaller than the second lower limit threshold S2_ .
the operation of the high frequency power supply device 1s
stopped for maintenance such as the replacement of the
amplifier 2.

The current abnormality detector 93C of the present
embodiment determines whether or not the amplifier 2 1s
abnormal by comparing the current value of the driving
current for drniving the amplifier 2 with an upper limait
threshold and a lower limit threshold of the current value

stored 1n the current data storage unit 92C. FIG. 4 1s a graph
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schematically showing a relational expression stored in the
current data storage unit 92C. A hatched region in FIG. 4
indicates values between a first upper limit threshold and a
first lower limit threshold of the current value, and dotted
regions outside the hatched region indicate values between
a second upper limit threshold and a second lower limait
threshold of the current value.

A first lower limit threshold A1 _ . of the current value 1s
set based on a lower limit value of a current value that 1s
obtained by, for example, controlling a high frequency
power with the power controller 93A when the high fre-
quency power 1s outputted using a newly provided amplifier
2 while setting a target power value to a value of ‘P.” A
second lower limit threshold A2 _  of the current value,
which 1s smaller than the first lower limit threshold A1 _ . .
1s set based on a value of the current value at which 1t can
be determined with certainty that the high frequency power

supply device 1s malfunctioning.
A first upper limit threshold A1 of the current value 1s

set based on an upper limit value of a current value that 1s
obtained by, for example, controlling a high frequency
power with the power controller 93A when a target power
value 1s set to the value of ‘P’ and the high frequency power
1s outputted using an amplifier 2 that 1s able to output a
suflicient high frequency voltage but has deteriorated
through use. A second upper limit threshold A2 of the
current value, which 1s greater than the first upper limait
threshold Al . 1s set based on a value of the current value
at which it can be determined that the amplifier 2 currently
experiences malfunctions.

In the high frequency power supply device 1, when the
target power value P increases, the amplification degree
needs to be increased and, thus, the current value also
increases. Therefore, the upper limit threshold and the lower
limit threshold of the current value are set to become greater
as the target power value P inputted from the host device 100
becomes greater.

The current abnormality detector 93C detects whether or
not the abnormality has occurred by comparing the current
value of the driving current supplied to the amplifier 2 with
the first upper limit threshold A1 __ ., the first lower limit
threshold A1, . . the second upper limit threshold A2 . and
the second lower limit threshold A2 . of the current value
set based on the target power value P.

When the current value 1s greater than the first upper limit
threshold A1_ __ or smaller than the first lower limit thresh-
old Al__ . the alarm unit 94 1ssues an alarm to notify the
deterioration of the amplifier 2. When the current value 1s
greater than the second upper limit threshold A2 or
smaller than the second lower limit threshold A2 . . the
operation of the high frequency power supply device 1 1is
stopped for the maintenance such as the replacement of the
amplifier 2.

Hereinatter, the operation of the high frequency power
supply device 1 according to the embodiment of the present
disclosure will be described. When the high frequency
power supply device 1 1s powered on, the target power value
P 1s inputted from the host device 100 to the controller 5. At
this time, the high frequency power 1s not supplied to the
load 4 and, thus, the controller 5 outputs the EldjllStlIlg
amount to the ampllfymg device 3 based on the diflerence
between the target power value P and the measured power
value obtained by the power detector 6. Then, the amplifying,
device 3 amplifies the high frequency with an amplification
degree according to the adjusting amount and outputs the
amplified high frequency to the amplifier 2. The high
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6

frequency 1s further amplified by the amplifier 2 and the
further amplified high frequency 1s outputted to the load 4.

The adjusting amount abruptly increases and stabilizes to
a constant value as the diflerence between the target power
value P and the measured power value decreases. For
example, alter a predetermined period of time elapses from
the start of outputting the command value from the control-
ler 5 to the amplifying device 3, the controller 5 obtains the
adjusting amount at predetermined time intervals and cal-
culates an average value of the obtained adjusting amounts.
In the following description, the average value thus obtained
1s used as the adjusting amount used for comparison with the
thresholds.

The adjusting amount abnormality detector 93B compares
the adjusting amount (the average value) with the upper
limit threshold and the lower limit threshold of the preset
adjusting amount set based on the target power value P.
Further, the current value of the driving current of the
amplifier 2 detected by the current detector 21 1s inputted to
the controller 5. The current abnormality detector 93C
compares the current value with the upper limit threshold
and the lower limit threshold of the set current value set
based on the target power value P.

When the amplifier 2 1s normally functioning without
significant deterioration, the adjusting amount 1s 1n a range
between the first upper limit threshold S1_ __ and the first
lower limit threshold S1, . of the preset adjusting amount
corresponding to the target power value P shown 1n FIG. 3.
Further, the current value i1s 1n a range between the first
upper limit threshold A1 . and the first lower limit thresh-
old Al___ of the preset current value corresponding to the
target power value P shown 1in FIG. 4. Therefore, the supply
of the high frequency power to the load 4 1s continued
without causing the alarm unit 94 to 1ssue an alarm through
the adjusting amount abnormality detector 93B and the
current abnormality detector 93C.

However, the amplifier 2 gradually deteriorates while the
high frequency power supply device 1 i1s being used. There-
fore, the output of the high frequency power tends to be
decreased with respect to the adjusting amount inputted to
the amplifier 2 (that 1s, the high frequency power 1s not
outputted in proportion to the adjusting amount). Accord-
ingly, the difference between the target power value P and
the measured power value increases, and the large value of
the adjusting amount 1s outputted 1n order to increase the
amplification degree 1n the amplitying device 3. Further, due
to the deterioration of the amplifier 2, the resistance of the
amplifier 2 increases and, thus, the current value of the
driving current of the amplifier 2 increases.

If the degree of deterioration of the amplifier 2 further
increases, the adjusting amount 1nputted to the amplifier 2
exceeds, e.g., the first upper limit threshold S1_ _ when the
adjusting amount abnormality detector 93 compares the
adjusting amount mputted to the amplifier 2 with the upper
limit threshold and the lower limit threshold of the preset
adjusting amount set based on the target power value P.
Accordingly, the adjusting amount abnormality detector 93
causes the alarm unit 94 to 1ssue an alarm to noftify the
deterioration of the amplifier 2.

Further, for example, even when the adjusting amount
inputted to the amplifier 2 1s between the first upper limait

threshold S1 and the first lower limit threshold S1_. of

the adjusting amount, if the current value of the drlvmg
current of the amplifier 2 exceeds the first upper limait
threshold Al of the preset current value set based on the

target power value P, the alarm unit 94 1ssues an alarm to
notily the deterioration of the amplifier 2.
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As described above, the alarm unit 94 issues an alarm
when the adjusting amount mputted to the amplifier 2
exceeds a predetermined upper limit threshold or when the
current value of the dniving current of the amplifier 2
exceeds a predetermined upper limit threshold, so that a user
can recognize the deterioration of the amplifier 2. At this
time, an adjusting amount greater than the upper limit
threshold S1_ _ of the preset adjusting amount set based on
the target power value P i1s inputted to the amplifier 2.
Therefore, the amplifier 2 receives the adjusting amount
largely 1ncreased due to the deterioration. Therefore,
although the amplifier 2 1s deteriorated, a large amount of the
high frequency power can be outputted theretrom. Thus, a
suflicient amount of the high frequency power can be
supplied to the load 4. Accordingly, the user can recognize
the deterioration of the amplifier 2 1n a state where the
suilicient amount of the high frequency power 1s supplied to
the load 4, so that an alternative device to the high frequency
power supply device or a plan for stopping the process can
be prepared.

Meanwhile, when the driving of the high frequency power
supply device 1 1s continued even after an alarm 1s 1ssued by
the alarm unit 94, the adjusting amount corresponding to the
target power value P further increases due to the progress of
the deterioration of the amplifier 2. Then, the adjusting
amount eventually exceeds the second upper limit threshold
S2 . At this time, the adjusting amount abnormality detec-
tor 93B causes the alarm unit 94 to 1ssue an alarm and the
operation of the high frequency power supply device 1 1s
stopped.

Further, as the deterioration of the amplifier 2 progresses,
the current value corresponding to the target power value P
turther increases. Therefore, the current value eventually
exceeds the second upper limit threshold A2 . Accord-
ingly, the current abnormality detector 93C causes the alarm
unit 94 to 1ssue an alarm and the operation of the high
frequency power supply device 1 1s stopped.

For example, when the power detector 6 1s defective, the
measured power value may increase. In this case, the
difference between the target power value P and the mea-
sured power value decreases and the command value
decreases, so that the adjusting amount decreases.

In the present embodiment, when the adjusting amount 1s
monitored, whether or not the adjusting amount 1s greater
than or equal to the lower limit threshold of the amplification
degree corresponding to the target power value P 1s also
monitored. Therefore, 1n the case where the amplification
degree 1s excessively small, 1f the adjusting amount becomes
smaller than the first lower limit threshold S1_ . . the alarm
unit 94 issues an alarm. Then, the user can recognize the
defect of the power detector 6. Further, when the adjusting
amount becomes smaller than the second lower limit thresh-
old S2_ . . the operation of the high frequency power supply
device 1 1s stopped.

Since the power outputted from the amplifier 2 decreases
as the adjusting amount decreases, the current value of the
driving current also decreases. In the high frequency power
supply device 1 according to the embodiment of the present
disclosure, when the current value 1s monitored, whether or
not the current value 1s greater than equal to the lower limit
threshold of the current value corresponding to the target
power value P 1s also monitored. Accordingly, the defect of
the power detector 6 can also be detected.

The above-described high frequency power supply device
1 of the present embodiment can be applied to, e.g., a plasma
processing apparatus for performing plasma treatment on a
semiconductor water (heremaftter, referred to as “wafer”)
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serving as a substrate. As shown i FIG. 5, the plasma
processing apparatus 40 includes a processing chamber 10,
and a mounting table 15 for substantially horizontally
mounting thereon the water W 1s disposed 1n the processing
chamber 10 through a supporting column 16. A reference
numeral ‘11° denotes a loading/unloading port for the water
W that 1s formed at a side surface of the processing chamber
10. A reference numeral ‘12° denotes a gate valve. A vacuum
exhaust unit 14 1s connected to the processing chamber 10
through a gas exhaust line 13.

A metal shower head 17 for supplying a processing gas for
substrate processing toward the water W 1s disposed at a
ceiling surface of the processing chamber 10 through an
insulating member 17a. The shower head 17 1s configured to
supply the processing gas from a processing gas supply
source 18 1nto the processing chamber 10. The high fre-
quency power supply device 1 1s connected to the shower
head 17 through a matching unit 19. Therefore, the shower
head 17 1n this example corresponds to the load 4 shown 1n
FIG. 1.

In the plasma processing apparatus 40, the processing gas
1s supplied into the processing chamber 10 1n a vacuum
atmosphere and the high frequency power 1s supplied to the
shower head 17 to generate a high frequency electric field 1n
the processing chamber 10. Accordingly, plasma of the
processing gas 1s generated and the water W 1s processed by
the plasma thus generated. However, 1f the waler W 1s
processed without recognizing the deterioration of the high
frequency power supply device 1, e.g., the deterioration of
the amplifier 2, the amplifier 2 may experience the malfunc-
tion during the processing of the wafer W. I the malfunction
of the amplifier 2 occurs during the processing of the wafer
W, the high frequency electric field cannot be generated 1n
the processing chamber 10 and the conversion of the pro-
cessing gas to the plasma becomes msuflicient. Accordingly,
the processing ol the water W becomes insuflicient, thereby
causing the defect of the waler W.

By applying the high frequency power supply device 1
according to the embodiment of the present disclosure to the
plasma processing apparatus 40, the deterioration of the
amplifier 2 can be detected before the malfunction of the
amplifier 2. Therefore, 1t 1s possible to suppress the genera-
tion of defective products due to the malfunction of the
amplifier 2 during the processing of the water W. In addition,
since the alternative high frequency power supply device 1
can be prepared or the product processing can be intention-
ally stopped before the malfunction of the amplifier 2,
unnecessary downtime caused by the malfunction during the
processing of the water W can be reduced.

The load 4 1s not limited to the shower head 17 and may
be an electrode disposed at the mounting table 15. The
clectrode to which the high frequency power 1s supplied is
used for attracting 1ons 1n the plasma to the water W on the
mounting table 15.

In the above-described embodiment, the amplification
degree of the amplifier 2 1s controlled such that the high
frequency power outputted from the high frequency power
supply device 1 for amplifying a high frequency and sup-
plying a hugh frequency power to the load 4 becomes a set
target power value P. The adjusting amount of the amplifi-
cation degree 1s monitored, and the alarm unit 94 issues an
alarm when the adjusting amount 1s not 1n a range between
the upper limit threshold and the lower limait threshold of the
preset adjusting amount set to correspond to the target power
value P. Further, the current value of the current for driving
the amplifier 2 1s monitored, and the alarm unit 94 issues an
alarm when the current value 1s not 1n a range between the
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upper limit threshold and the lower limit threshold of the
preset current value set to correspond to the target power
value P. Accordingly, the deterioration of the amplifier 2 can
be detected.

With the configuration including one of the adjusting
amount abnormality detector 93B for detecting the abnor-
mality by monitoring the adjusting amount and the current
abnormality detector 93C for detecting the abnormality by
detecting the current value of the amplifier 2, 1t 1s possible
to detect the deterioration of the amplifier 2. However, the
configuration mncluding both of the adjusting amount abnor-
mality detector 93B and the current abnormality detector
93C can further increase the accuracy in detecting the
occurrence of the abnormality of the amplifier 2.

The parameter detector may be a voltage detector for
detecting a high frequency voltage outputted from the ampli-
fier 2 or a current detector for detecting a high frequency
current outputted from the amplifier 2. The adjusting amount
may be determined based on the detected current or the
detected voltage, and the parameter detector may be con-
figured to detect the occurrence of the abnormality based on
the determined adjusting amount. When detecting the cur-
rent, the detected current may be converted to a voltage to
calculate the measured value, 1n the same manner as the case
of detecting the power as described above. However, 1t 1s
preferable to detect the power 1n order to improve accuracy.

When the amplifier 2 1s in a normal state, the range
between the upper limit threshold and the lower limit
threshold of the adjusting amount inputted to the amplifier 2
varies depending on the target power value P. Further, when
the amplifier 2 1s 1n a normal state, the range between the
upper limit threshold and the lower limait threshold of the
current value of the driving current for driving the amplifier
2 varies depending on the target power value P.

For example, in the plasma processing apparatus, the
processing time and the required target value P of the high
frequency power may vary depending on recipes performed
on the water W. Therefore, the appropriate range between
the upper and the lower limit threshold of the adjusting
amount and the appropnate range between the upper and the
lower limit threshold of the current value of the driving
current vary depending on the recipes. Accordingly, 1t 1s
preferable to set, for each target power value P, the range
between the upper and the lower limit threshold of the
adjusting amount and the range between the upper and the
lower limit threshold of the current value of the driving
current.

Alternatively, for example, the range between the upper
and the lower limit threshold of the adjusting amount and the
range between the upper and the lower limit threshold of the
current value of the driving current may be set for each
recipe.

In the above-described Japanese Patent Application Pub-
lication No. 2018-143368, the deterioration state of the
vacuum tube 1s detected based on the current supplied to the
vacuum tube, whereas there 1s no process of detecting the
occurrence of the abnormality by setting the upper and the
lower limit threshold of the supplied current and comparing
the supplied current with the upper and the lower limit
threshold.

Further, the occurrence of the abnormality 1n the amplifier
2 may be detected based on changes 1n the temperature of
the amplifier 2. The power detector 6, the controller 5, the
amplifying device 3, a voltage supply source 33, the high
frequency oscillator 20, and the amplifier 2 are disposed 1n
a housing 201. As shown i FIG. 6, the circuit constituting
the amplifier 2 1s included 1n, e.g., an itegrated circuit chip
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200. The chip 200 1s mounted on a circuit board 202
disposed 1n the housing 201. A temperature sensor 203 1is
disposed on the surface of the chip 200, so that the controller
5 can obtain the temperature detected by the temperature
sensor 203.

In this example, the controller 5 includes, e.g., a tempera-
ture storage unit 92D storing an upper limit threshold and a
lower limit threshold of the temperature detected by the
temperature sensor 203 corresponding to the target power
value P, and a third abnormality detector 93D for comparing
the temperature detected by the temperature sensor 203 with
the upper limit threshold and the lower limait threshold of the
detected temperature corresponding to the target power
value P. The controller 5 shown i FIG. 6 includes the
temperature storage unit 92D and the third abnormality
detector 93D 1n addition to the configuration of the control-
ler 5 shown 1n FIG. 2 that 1s not shown 1n FIG. 6. FIG. 7 1s
a graph schematically showing a relational expression stored
in the temperature storage unit 92D. As described above, the

temperature storage unit 92D stores an upper limit tempera-
ture threshold T, and a lower limit threshold T, . set for
cach target power value P.

For example, when the resistance of the circuit constitut-
ing the amplifier 2 increases due to the deterioration of the
amplifier 2, the heat generation increases and, thus, the
detected temperature increases. Therefore, the temperature
at which the deterioration of the amplifier 2 can be deter-
mined 1s stored as the upper limit threshold of the tempera-
ture for each target power value P. Further, the lower limit
threshold of the range of the temperature detected when the
amplifier 2 1s functioning normally 1s stored as the lower
limit threshold of the temperature corresponding to the
target power value P.

The third abnormality detector 93D causes the alarm unit
94 to 1ssue an alarm when the temperature of the chip 200
exceeds the upper limit threshold of the temperature set to
correspond to the target power value P. With this configu-
ration, the deterioration of the amplifier can also be detected
from the heat generated by the amplifier 2. Accordingly, the
deterioration of the amplifier 2 can be detected more reli-
ably. In addition, the detected temperature may become
lower than the lower limit threshold due to the defect of the
temperature sensor 203. In this case, the defect of the
temperature sensor 203 can be estimated.

Similar to the range of the adjusting amount, 1t 1s possible
to set a first upper limit threshold, a second upper limit
threshold, a first lower limit threshold, and a second lower
limit threshold of the range of the temperature detected by
the temperature sensor 203. Then, the alarm output and the
operation stop of the high frequency power supply device
can be separately performed based on the comparison result
between the detected temperature and the thresholds. It 1s
preferable to provide the temperature sensor 203 on the chip
200 because the changes 1n the operation state of the
amplifier 2 can be accurately detected from the changes 1n
the temperature as described above. However, as long as the
temperature sensor 203 can detect the temperature corre-
sponding to the temperature of the chip 200 constituting the
amplifier 2, the temperature sensor 203 may be disposed
distant from the chip 200 1n the housing 201.

When the adjusting amount abnormality detector 93B 1s
used to detect the occurrence of the abnormality by moni-
toring the adjusting amount, 1t 1s not necessary to compare
the adjusting amount with the upper limait threshold and the
lower limit threshold of the adjusting amount corresponding
to the power target value P. For example, 1t 1s also possible

to measure the change rate of the adjusting amount per unit
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time and determine the deterioration of the amplifier 2 when
the change rate of the adjusting amount exceeds a predeter-
mined threshold.

In addition, the above-described control of monitoring the
measured change rate of the adjusting amount per unit time 53
may be combined with the conventional control of moni-
toring the measured power value and causing the alarm unit
94 1o 1ssue an alarm or stopping the operation of the device
when the measured power value becomes smaller than a
predetermined threshold. 10

Further, the D/A converter 31 of the amplifying device 3
may be mcluded 1n the controller 5. The amplifier 2 and the
amplifyving device 3 may be integrated, or each of them may
be divided into two or more parts. In that case, the deterio-
ration of each amplifier 2 and each amplifying device 3 may 15
be detected 1n the above-described manner.

In this configuration, for the respective amplifiers 2 and
the respective amplifying devices 3, the measured current
value or the measured adjusting amount that indicates the
deterioration state of the respective amplifiers 2 and the 20
respective amplifying devices 3 may be respectively added
up and used for determining the abnormality based on the
added current values or the added adjusting amounts.

In the above example, the amplification degree of the
amplifier 2 1s increased or decreased by increasing or 25
decreasing a level of a gate signal while fixing a source
voltage of a DC voltage (field effect transistor (FET)).
However, the amplification degree of the amplifier 2 may be
increased or decreased by increasing or decreasing the
source voltage while fixing the level of the gate signal. 30

The embodiments of the present disclosure are 1llustrative
in all respects and are not restrictive. The above-described
embodiments can be embodied 1n various forms. Further, the
above-described embodiments may be omitted, replaced, or
changed 1n various forms without departing from the scope 35
of the appended claims and the gist thereof.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the embodiments described herein may be embodied 40
in a variety of other forms. Furthermore, various omissions,
substitutions and changes in the form of the embodiments
described herein may be made departing from the spirit of
the disclosures. The accompanying claims and their equiva-
lents are mtended to cover such forms or modifications as 453
would fall within the scope and spirit of the disclosures.

The invention claimed 1s:

1. A high frequency power supply device comprising:

an amplifier configured to amplity a high frequency

supplied from an oscillator and supply a high frequency 50
power therefrom to a load;

a parameter detector configured to detect a parameter of

a current, a voltage, or a power supplied from the
amplifier to the load;

a current supply unit configured to supply a dniving 55

current for driving the amplifier; and

a command signal output unit configured to output a

command signal for changing an amplification degree

of the amplifier based on the detected parameter and a
target value such that the parameter becomes the target 60
value,

wherein the high frequency power supply device further

comprises a lirst abnormality detector configured to
detect an abnormality by monitoring the command
signal, and/or the lhigh frequency power supply device 65
further comprises a current detector configured to
detect the driving current, a current data storage unit

12

configured to store an upper limit value and a lower
limit value of the driving current, and a second abnor-
mality detector configured to detect the abnormality
based on at least one of the upper limit value or the
lower limit value of the driving current.

2. The high frequency power supply device of claim 1,
wherein the high frequency power supply device comprises
both of the first abnormality detector and the second abnor-
mality detector.

3. The high frequency power supply device of claim 1,
wherein the amplifier includes a front-stage amplifier and a
rear-stage amplifier,

an amplification degree of the front-stage amplifier 1s

changed by the command signal, and

the current detector detects a driving current supplied to

the rear-stage amplifier.

4. The high frequency power supply device of claim 2,
wherein the amplifier includes a front-stage amplifier and a
rear-stage amplifier,

an amplification degree of the front-stage amplifier 1s

changed by the command signal, and

the current detector detects a driving current supplied to

the rear-stage amplifier.

5. The high frequency power supply device of claim 1,
wherein the first abnormality detector detects the abnormal-
ity when the command signal corresponding to the ampli-
fication degree, which exceeds an upper limit value of a
preset amplification degree set based on the target value, 1s
outputted.

6. The high frequency power supply device of claim 2,
wherein the first abnormality detector detects the abnormal-
ity when the command signal corresponding to the ampli-
fication degree, which exceeds an upper limit value of a
preset amplification degree set based on the target value, 1s
outputted.

7. The high frequency power supply device of claim 3,
wherein the first abnormality detector detects the abnormal-
ity when the command signal corresponding to the ampli-
fication degree, which exceeds an upper limit value of a
preset amplification degree set based on the target value, 1s
outputted.

8. The high frequency power supply device of claim 5,
wherein at least one of the upper and the lower limit value
of the driving current or the upper limit value of the preset
amplification degree 1s set for each target value for the
power supplied.

9. The high frequency power supply device of claim 6,
wherein at least one of the upper and the lower limit value
of the driving current or the upper limit value of the preset
amplification degree 1s set for each target value for the
power supplied.

10. The high frequency power supply device of claim 7,
wherein at least one of the upper and the lower limit value
of the driving current or the upper limit value of the preset
amplification degree 1s set for each target value for the
power supplied.

11. A high frequency power supply device of claim 1,
further comprising;:

a housing that stores the amplifier;

a temperature sensor configured to detect a temperature 1n

the housing;

a third abnormality detector configured to detect the

abnormality based on the detected temperature.

12. A ligh frequency power supply device of claim 2,
further comprising:

a housing that stores the amplifier;
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a temperature sensor configured to detect a temperature in
the housing;
a third abnormality detector configured to detect the
abnormality based on the detected temperature.
13. A high frequency power supply device of claim 3,
turther comprising;:
a housing that stores the amplifier;
a temperature sensor configured to detect a temperature in
the housing;
a third abnormality detector configured to detect the
abnormality based on the detected temperature.
14. A high frequency power supply device of claim 5,
turther comprising:
a housing that stores the amplifier;
a temperature sensor configured to detect a temperature in
the housing;
a third abnormality detector configured to detect the
abnormality based on the detected temperature.
15. A high frequency power supply device of claim 8,
turther comprising;:
a housing that stores the amplifier;

a temperature sensor configured to detect a temperature in
the housing;
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a third abnormality detector configured to detect the

abnormality based on the detected temperature.

16. The high frequency power supply device of claim 11,
wherein the amplifier 1s included 1n a chip of an integrated
circuit mounted on a circuit board, and the temperature
sensor 1s disposed on a surface of the chip.

17. The high frequency power supply device of claim 1,
wherein the load 1s provided 1n a processing chamber where
a semiconductor substrate 1s stored and processed.

18. A high frequency power supply method comprising:

amplifying a high frequency supplied from an oscillator

using an amplifier and supplying amplified high fre-
quency power therefrom to a load;

detecting a parameter of a current, a voltage or a power

supplied from the amplifier to the load;

outputting a command signal for changing an amplifica-

tion degree of the amplifier based on the detected
parameter and a target value such that the parameter
becomes the target value; and

detecting a driving current for driving the amplifier and

detecting an abnormality based on an upper limit value
and a lower limit value of the dniving current stored 1n

advance 1n a current data storage unit.
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